synthesis of extracellular matrix components and by reducing matrix degradation. It has been suggested that TGFB1 may be the major mediator of progressive fibrosis in airways [1, 2, 8] . TGFB1 is expressed and released by structural cells in the airways and inflammatory cells that have infiltrated the bronchial mucosa [9, 10] . The levels of TGFB1 are known to be affected by many non-genetic factors, including corticosteroids and leukotriene modifiers, both of which are used routinely for asthma control [11] .
In humans, TGFB1 gene is located at chromosome 19q13.2 and contains seven exons and very large introns. Polymorphisms in the gene regulatory sequences can impact TGFB1 expression levels and can potentially play a role in the etiology of asthma [8, 9] . Several polymorphisms have already been described in the promoter region of the TGFB1 gene, among which C-509T and G-800A have been suggested to be associated with altered transcriptional activity [12] .
A C to G transition at position -509 in the TGFB1 gene promoter has been widely studied as a risk factor for asthma and other inflammatory diseases [13, 14] . This polymorphism is located in the silencer region of the TGFB1 gene in a Yin Yang 1 (YY1) consensus binding site, and the presence of the T allele increases basal promoter activity by approximately 30% [15] . It has been reported that the C-509T polymorphism is associated with a higher plasma concentration of TGFB1 [16, 17] .
A base substitution of G to A at position -800 contributes to lowering the production of circulating TGFB1 [18, 19] . This polymorphism is located in the enhancer region of the TGFB1 gene promoter in a consensus cyclic adenosine monophosphate (cAMP) response element binding protein (CREB) half site [20] . The A allele is associated with reduced TGFB1 gene expression and a lower circulating concentration of TGFB1 [18] .
The aim of this study was to analyze common TGFB1 gene promoter polymorphisms C-509T and G-800A in Serbian asthmatics and to investigate their association with exacerbations in order to explore their role in asthma and their potential application as molecular markers for predicting the course of the disease and the response to therapy.
Material and Methods

The Patients
The study included 102 adult asthmatics being treated at the Clinical Department of Pulmonology, Allergology and Clinical Immunology of the University Hospital in Belgrade (Serbia) in the period from April 2009 to November 2011. The criteria for inclusion in the study were a diagnosis of asthma and age older than 18 years. Patients were excluded from the study based on the following criteria: non--compliance, inadequate cooperation, pregnancy and serious concomitant diseases. Out of 102 patients with asthma, 97 were available for follow-up for a period of at least three months. The patients were physically evaluated and answered questions about the quality of their life (Asthma Control Test -ACT). Spirometry testing (using a SpiroJet PowerCube LF8.5F device, Ganshorn, Waltham, MA, USA) was performed and each patient's forced expiratory volume in 1 sec (FEV1) and forced vital capacity (FVC) were registered. Asthma control and the severity of the disease were evaluated according to the applicable Guidelines of the Global Initiative for Asthma (GINA) based on the results of spirometry testing and ACT scores [6] . Each patient was treated depending on the clinical evaluation and severity of asthma. The control group consisted of 58 healthy subjects who were recruited during the regular annual health assessment carried out by Occupational Medicine Services. All the control subjects underwent regular physical examination and laboratory testing, and participants with any chronic disease and medical therapy were excluded. All the study participants filled out a questionnaire consisting of basic information (date of birth, anthropometric data, use of medications) and smoking habits.
The study was approved by the Ethics Committee of the University Hospital and all participants gave informed consent to participate in the study.
Analysis of TGFB1 Promoter Polymorphisms
Peripheral blood samples were taken from the patients with asthma and the control subjects. Genomic deoxyribonucleic acid (DNA) was extracted from the whole blood using QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany) following the manufacturer's instructions.
Amplification of the 5' regulatory region of the TGFB1 gene was performed by polymerase chain reaction (PCR) for all samples using the following program: 95°C for 10 min; 35 cycles at 95°C for 45 sec, 60°C for 60 sec and 72°C for 30 sec; and 72°C for 10 min. The region containing polymorphism C-509T was amplified using forward primer 5'-GGGAAGCTTGCTTAGC-CACATGGGAGGTGC-3' and reverse primer 5'-GGGCCATGGGCTCAGCCGGGGGG GT-GC-3'. The region containing polymorphism G-800A was amplified using forward primer 5'-GGG CTC GAG CAC TGG GGA GCT ATG GAA GG-3' and reverse primer 5'-GGG AAG CTT CCC AGA ACG GAA GAG TC-3'.
The patients and control subjects were tested for both polymorphisms using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis. The PCR products for the C-509T polymorphism were digested with restriction endonuclease DdeI (ThermoScientific, Waltham, MA, USA). The reaction mixture was incubated at 37°C overnight, followed by an analysis of the obtained products by electrophoresis on 2% agarose gel. The fragment containing the C allele was not digested (640 bp), whereas the presence of the T allele resulted in two fragments (590 bp and 50 bp). The PCR products for the G-800A polymorphism were digested with restriction endonuclease TaiI (ThermoScientific). The reaction mixture was incubated at 60°C for 3 h, followed by an analysis of the obtained products by electrophoresis on 2% agarose gel. The presence of the G allele resulted in three fragments (400 bp, 370 bp and 210 bp), whereas the presence of the A allele resulted in two fragments (610 bp and 370 bp).
Statistical Analysis
The statistical analysis was performed using Statistical Package for Social Sciences 20.0 (SPSS Inc., Chicago, Illinois, USA). The demographic characteristics of the patients and the controls were compared using an independent sample t-test and the χ 2 test. The data were expressed as percentages and means ± standard deviation (SD). Differences between the patients and controls in terms of the genotype and allele frequencies for each polymorphic site were tested by the χ 2 analysis. A p-value less than 0.05 was considered statistically significant.
Results
In this study, TGFB1 gene promoter polymorphisms were analyzed in 102 asthmatic patients and 58 healthy controls from Serbia. The characteristics of the two study groups are presented in Table 1 . There were no significant differences between the patients and the healthy controls in terms of age, sex and body mass index (BMI), but there were significantly more smokers in the control group than in the patients' group (62.5% vs. 17.5%, p < 0.001).
Samples from the patients and healthy individuals were genotyped for TGFB1 gene promoter polymorphisms by PCR-RFLP (Fig. 1) . The distribution of alleles and genotypes obtained for both polymorphisms in the patients and controls is presented in Table 2 . There was a statistically significant difference between the patients and controls in the distribution of C-509T alleles (p = 0.011), but no significant difference was observed for genotype distribution. Also, there was no significant difference between the patients and controls in the distribution of G-800A alleles and genotypes. The Hardy-Weinberg equilibrium was tested for both polymoprhisms in the patients and the control subjects. In both groups the distribution of the observed genotypes for the G-800A polymorphism was significantly different from what was expected (p = 0.01 for the patients' group and p = 0.05 for the control group), while the distribution of the C-509T polymorphism was consistent with the Hardy-Weinberg equilibrium (p = 0.06).
The patients who were followed up for at least three months were divided into two subgroups according to their asthma exacerbations and clinical characteristics, and the distribution of the TGFB1 polymorphism genotypes was analyzed (Table 3) . There were significant differences in FEV1, FVC and ACT values between patients with and without exacerbations, but the distribution of genotypes for the polymorphisms under investigation was similar in both subgroups. The frequency of the -509TT genotype was higher in patients with exacerbations compared to patients without exacerbations (36.4% vs. 17.0%), with statistical significance near the borderline (p = 0.080).
Discussion
Since TGFB1 is associated with fibrosis and accumulation of the extracellular matrix after lung injury or inflammation, it has an essential role in airway remodeling in asthma [21] . It is postulated that variants in the TGFB1 gene could increase the profibrotic and anti-inflammatory effects of TGFB1. Also, the TGFB1 promoter is highly responsive to various stimuli and its levels may be significantly affected by corticosteroids and leu- kotriene modifiers, which are used routinely for asthma control [11] . It is therefore expected that the functional TGFB1 polymorphisms C-509T and G-800A affect asthma susceptibility, disease severity and response to therapy. In the Serbian asthmatics and healthy controls analyzed in this study a statistically significant difference was observed in the distribution of the C-509T alleles, with the C allele being more frequent in the patients than in the controls (55.4% vs. 40.5%, p = 0.011). The distribution of C-509T genotypes also differed in the two groups, with lower frequencies of -509CT and -509TT genotypes among the patients than in the controls, with statistical significance near the borderline (p = 0.061). The role of the polymorphism C-509T in asthma remains unclear, since it has been associated with asthma and asthma severity in some populations, but those results have not been replicated in others [15, 17, [22] [23] [24] [25] [26] [27] [28] [29] . The findings of the present study are consistent with reports on Czech and German populations. In general, the polymorphism C-509T as a risk factor in asthma appears to be more evident in Asian than in Caucasian subjects. These contradictory data may be due to different genetic backgrounds and varying environmental exposure.
No significant difference between the patients and the controls was found in genotype and allele frequency distributions for the G-800A polymorphism, indicating that it is not involved in asthma susceptibility. A small number of studies have investigated the role of the G-800A polymorphism in asthma [17, 19, 26] , none of which found a positive correlation between this polymorphism and asthma. This was confirmed by the present study. In the present study, the distribution of observed genotypes for the G-800A polymorphism deviated from the Hardy-Weinberg equilibrium among both the patients (p = 0.01) and the controls (p = 0.05). There was an excess of GG homozygotes, while heterozygotes were much less frequent than expected. This deviation is probably due to the small number of analyzed samples.
To analyze influence of TGFB1 gene promoter polymorphisms on the clinical course of the disease, the patients were subgrouped according to exacerbations of their asthmatic symptoms. Exacerbations of asthma are acute or subacute episodes of progressive increase in shortness of breath, cough, wheezing or chest tightness, or combinations of these symptoms, and they occur when asthma control is poor. The results of both objective (spirometry test FEV1 and FVC values) and subjective (ACT values) measures of asthma control were significantly decreased in patients with exacerbations compared to patients without exacerbations. Genotype distribution failed to exhibit statistically significant differences for the studied polymorphisms between patients with and without exacerbations. However, the statistical significance for the distribution of the C-509T genotypes was near the borderline, with the -509TT genotype more common in patients with exacerbations (36.4% vs. 17.0%, p = 0.080). Considering that all the subjects in this study were followed up for at least three months after administration of the therapy, this finding indicates that response to therapy may be better in asthmatics who are carriers of genotypes other than -509TT and is worth further investigation.
The results of the present study suggest that polymorphism C-509T may play a role in asthma and predict exacerbations in asthmatic patients, and indicate that G-800A is not significant for either disease development or the clinical course. These findings should be confirmed in a larger study group, and the potential role of polymorphism C-509T in response to therapy should be further investigated. The impact of other polymorphisms in the TGFB1 gene or other genes suspected to be involved in inflammation or airway remodeling has not been ruled out. Since the TGFB1 promoter is highly complex and very responsive to environmental factors, future studies should also take other genetic and non-genetic factors into consideration. Identification of drug responders and non-responders, as well as patients most susceptible to adverse effects, may prove valuable in clinical practice and may lead to personalized treatments. This is of particular importance in asthma, due to the heterogeneity of the disease and the variety of available medications.
